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v“Use your highest strengths and talents to belong to and serve
something you believe is larger than the self”
(Martin E.P. Seligman)
“People who have meaning in their lives, in the form of clearly
defined purpose, rated their satisfication with life higher”
(Emily Esfahni Smith)
“There’s a theory that says that life is based on a competition
and the struggle and the fight for survival, and it’s interesting
because when you look at the fractal character of evolution, it’s
totally different. It’s based on cooperation among the elements
in the geometry and not competition” (Bruce Lipton)
“Don’t wait until everything is just right. It will never be perfect.
There will always be challenges, obstacles and less than
perfect conditions. So what. Get started now. With each step
you take, you will grow stronger and stronger, more and more
skilled, more and more self-confident and more and more
successful” (Mark Victor Hansen)
vi
ACKNOWLEDGEMENTS
First and foremost, I would like to give thanks to my Lord Jesus Christ for
all His blessings that given to me, so I can prepare and finish my final project
report on time without any serious problem. The purpose of the final project with
the title “A Study of Application of Unmanned Aerial Systems in Construction
Projects” is to complete the requirement of undergraduate program (S-1) in
International Civil Engineering Program, Department of Civil Engineering,
Faculty of Engineering, Universitas Atma Jaya Yogyakarta. For the completion of
this final project, I also would like to express my gratitude towards:
1. Sushardjanti Felasari, ST.,M.Sc.,CAED., P.hD., as the Dean of
Engineering Faculty of Universitas Atma Jaya Yogyakarta,
2. Ir. AY. Harijanto S.,M.Eng., Ph.D., as the head of Civil Engineering
Department of Universitas Atma Jaya Yogyakarta,
3. Johan Ardianto, S.T., M.Eng., as the Coordinator of International Civil
Engineering Program,
4. Ir. Peter F. Kaming, M.Eng., Ph.D., as my supervisor final project for
his advice and counseling. His constant support, sharing and advice
have been invaluable,
5. Y. Lulie, Ir., M.T., as my Coordinator of International Civil
Engineering Program 2013 and supervisor on-site practice for his
advice and counseling. His constant support and advice to finished the
report have been invaluable when i got accident last 2017.
vii
6. Anastasia Yunika, S.T., M.Eng., as my Coordinator of International
Civil Engineering Program 2014. Her constant support, counseling and
advice as a program coordinator to assist me to keep study, be grateful,
and be happy instead of get the bachelor engineering degree.
7. Dr. Eng. Luky Handoko, S.T., M.Eng., as the my Coordinator of
International Civil Engineering Program 2016,
8. All the lecturers and staffs in the Civil Engineering Department,
especially in International Civil Engineering Program,
9. My Parents, Johannes D. Kristianto, Ir., and F. Endang Sarawasih for
the love, support, and advices to finish this final project,
10. My aunt Sylvia, uncle Danu, my cousin christien, kevin, marcel for
their love and support.
11. My elder brother Bernard Teddy and Tommy Thomas give me
motivation, new knowledge, rules, faithful, grateful in any situation.
12. To my special person Latri Tresnawati who always support, love, argue,
help, motivate, take time and accompany from the beginning of the
final project as well as providing encouragement and support to
complete this Final Project.
13. To my brother from another mother Aris Putra Sadewo who always
take time, chill, cook some beats, make some music and accompany
from the beginning of the final project as well as providing
encouragement and support to complete this Final Project.
viii
14. My friends in ICEP batch 2013, Tiwi, Diko, Dea, Brenna, Alpin, Harry,
Boas, Dinda who encouraging me and support me to finish this final
project.
15. My senior and junior in ICEP , Ko Justi, Bli Eka, Kak Arnold, Abang
Edgart, Dede Yona, Kevin J Sebastian, Agus Tobing, Patrick
Dharmayasa, Adrian Bagoes, Anjuarti, Elsya Patresia, Andre Hartono,
Tommy Tobing, Alvin Tresnohadi, Govinda Bendesa who encouraging
me and support me when me still studying until now.
16. My senior who allways encouragement and give support since first
semester Gabriel Chintya Hutahaean, Reinhard Tambunan, Wiranata
Brian.
17. Explore Indonesia team, Rifky Anugrah, Odo Uun, Gerardo Gunawan,
Steven Prakasa, Wahyu Dyatmika, Eva Lusiana Kleeman.
18. My friends All Night Long Project, Andhika Wibawa, Pandito
Adinegara, Reynaldo Daniel, Indra Widjiarto for their time sing a long
and support.
19. My friends 8sec Project, Arnanda Lucky, Editha Rahmawati, Felix Rio,
Gandhi Bramayusa, for hardworking to this project in last years ago.
20. My friends Brewok PK and Doctor Cock Project, Jeremy Desmond and
Hedwig for the time, hard working and encouraging in past years.
21. My friends KKN Supreme Sabrang, Elvera Fodju, Dewa Prasetya,
Chyntia Winny, Shekar Sharaswati, Abang Yores, Christian Wibi,
Rizky Mesias, Anita Apriani, Yenni Karunia, Melyanti being the
ix
second family while in Pad. Sabrang. Thank you thank you for the
togetherness and spirit has given.
22. Astera INA Team, Dode Debby, Chandra Raditya, Rio Bagastyan keep
and remain me to keep optimism in new perspective (heuheu).
23. My special friends in photo and video shoot Adhit Christianto who
allways give attention and much support as a lurds.
24. All my friends, juniors, and seniors in Civil Engineering Program
especially in the International Civil Engineering Program for their
support and cooperation which help me to complete this report.
I realize, this report has some mistakes. Therefore I accept any form of
suggestion for further improvement. Finally, I hope this report may be useful
for the reader. Thank you.
Yogyakarta, July 2018
The Author
Gregorius Edwin Yonathan
xTABLE OF CONTENT
TITLE ..................................................................................................................... i
STATEMENT........................................................................................................ ii
APPROVAL ......................................................................................................... iii
APPROVAL EXAMINER .................................................................................. iv
MOTTO ..................................................................................................................v
ACKNOWLEDGMENTS ................................................................................... vi
TABLE OF CONTENT.........................................................................................x
LIST OF FIGURES ......................................................................................... xviii
LIST OF TABLES ............................................................................................. xix
LIST OF ATTACHMENT................................................................................ xxi
ABSTRACT....................................................................................................... xxii
CHAPTER I INTRODUCTION...........................................................................1
1.1 Background..............................................................................................1
1.2 Problem Statement...................................................................................2
1.3 Problem Limitation..................................................................................3
1.4 The Objective of Final Project.................................................................3
1.5 The Benefits of Final Project ...................................................................3
1.5 The Originality of Final Project...............................................................3
CHAPTER II LITERATURE REVIEW.............................................................6
2.1 Constrction Management.........................................................................6
2.2 Robotics in Construction Industry ...........................................................7
xi
2.3 Unmanned Aerial Vehicle (UAV or Drone)............................................8
2.3.1 Functions of Drone ......................................................................10
2.3.2 Classifications of Drone Operation .............................................10
2.3.2.1 Public Operations (Governmental) .................................10
2.3.2.2 Civil Operations (Non - Governmental).........................11
2.3.2.3 Model Aircraft (Hobby and Recreation Only) ................11
2.3.3 Drone Requirements ....................................................................11
2.3.4 Legal Requirements Related to Drone Use (Indonesia)..............12
2.3.5 UAV Regulation (International) .................................................12
2.4 UAV Usabillity and Use-Centered Systems..........................................14
2.5 Direct Field Observation.......................................................................16
2.5.1 Observation Method With Drone ................................................16
2.5.2 Manual Observation Method .......................................................17
2.6 UAV Cost-Effective Considerations .....................................................18
2.7 Cost and Selections................................................................................18
2.7.1 Cost Related to UASs Use...........................................................20
2.8 UAV Jobsite Safety and Insurance Concerns ........................................22
2.9 Common UAV Construction Applications............................................22
2.9.1 Job Progress Aerial Photography ................................................23
2.9.2 Construction Estimating ..............................................................23
2.9.3 Construction Inspection...............................................................24
2.9.4 Construction Site Security ...........................................................26
2.9.5 Construction Productivity Improvement .....................................27
xii
2.9.6 Marketing and Promotions ..........................................................27
2.9.7 Construction Claims ....................................................................28
3.0 Productivity............................................................................................28
3.0.1 Productivity Concept ...................................................................28
3.0.2 Definition of Productivity............................................................29
3.0.3 Factors Affecting Productivity ....................................................30
CHAPTER III METHODOLOGY ....................................................................31
3.1 Flowchart Research Methodology.........................................................31
3.2  Definition Methodology ........................................................................32
3.3  Type of  Research ..................................................................................32
3.3.1 Literature Study ...........................................................................33
3.3.2 Data Collection ............................................................................33
3.3.2.1 Type of Repondent...........................................................34
3.3.2.2 Data Collection Method ...................................................34
3.3.2.3 Questionnaire Composition..............................................34
3.3.2.4 Method of Identification and Data Analysis ....................36
3.3.2.4.1 Percentage Method............................................36
3.3.2.4.2 Mean Method ....................................................37
3.3.2.4.3 Standart Devitiation...........................................37
3.3.2.4.4 T-Test Method...................................................38
3.3.2 Interview......................................................................................38
3.4 Conclusion and Suggestion ...................................................................39
3.5 Time Table.............................................................................................40
xiii
CHAPTER IV DATA ANALYSIS AND DISCUSSION.........................41
4.1 General Information...............................................................................41
4.2 Respondent Data....................................................................................41
4.2.1 Company Supervisory Type ........................................................42
4.2.2 Position of Respondent................................................................42
4.2.3 Type of Respondent.....................................................................43
4.2.4 Type of Project ............................................................................44
4.2.5  Respondent Latest Education ......................................................45
4.2.6 Respondent Work Experience .....................................................45
4.2.7 Salary UASs and Conventional Supervisory Monitoring ...........46
4.3 Data Analysis.........................................................................................47
4.3.1 Current and Future Usage of UASs.............................................48
4.3.1.1 Knowledge and Experience of UASs..............................48
4.3.1.2 Current Brand of UASs and Been Implement.................50
4.3.2 Company Employee Requirement Staff UASs (drone)
and Conventional (traditional) .....................................................52
4.3.3 Company Employee Requirement Staff
Conventional (traditional) ............................................................53
4.3.4 Frequent Visit A Days and A Week ............................................55
4.3.5 Time Supervisory ........................................................................57
4.3.6 Supervisory Application Use On-Going Construction................57
4.3.7 Company Response Will Be Use UASs ......................................60
xiv
4.4 Rank Analysis of Variables ...................................................................60
4.4.1 Unmanned Aerial Systems (UASs) Supervisory Analysis..........61
4.4.1.1 Ranking Results Possible Applications for Unamanned
Aerial Systems (UASs) Usage .......................................61
A. Ratings Usefulness of Visual Assets in  Various
Areas ..............................................................................61
B. UASs (drone) Application Usage – 2016 vs 2017
Responses.......................................................................64
4.4.1.2 Type of View Inspecting The Visual Data Using UASs
(Technical Problems) .....................................................66
4.4.1.3 Budget Allocation in The Future ..................................67
4.4.2 Unmanned Aerial Systems (UASs) Supervisory Use Experience
Analysis........................................................................................69
4.4.2.1 Ranking Results Level of UASs Significance In The
Construction Stages..........................................................69
4.4.2.2 Level of UASs Impact due to Implementation
Supervision on The Construction Project Activities ........72
4.4.2.3 Factors Implementation of UASs (drone)
Supervision.......................................................................74
4.4.3 Conventional (traditional) Supervisory Analysis ........................76
4.4.3.1 Ranking Results Areas of Concern Currently Preculding
UASs Usage .....................................................................76
4.4.3.2 Ranking Results Usefulness of Conventional
xv
Monitoring........................................................................77
4.4.3.3 Ranking Results Effectiveness Perception UASs
Monitoring........................................................................80
4.5 Analysis of Benefit and Outcomes Current Methods for Obtaining
Visual Assets in Construction Project....................................................82
4.5.1 Data, Quality and Cost Factors....................................................83
4.5.2 Management Aspect Factors .......................................................85
4.5.3 Usage Factors ..............................................................................88
4.6 User Perception of Visual Asset Value .................................................90
4.6.1 Assets 03, 04, 05, 06, 09, 10, 11, 12, 19, 20 from Conventional
Project ..........................................................................................92
4.6.2 Assets 01, 02, 07, 08, 13, 14, 15, 16, 17, 18 from UASs
Project .........................................................................................93
4.7 Analysis The Cost of Monitoring and Supervisory ...............................93
4.7.1 Analysis of Worker Wage (Total Staff) ......................................96
4.7.2 Comparison Current Method Worker Wage (Total Staff)...........96
4.8 Analysis T-Test......................................................................................98
4.8.1 Analysis T – Test of Worker Wage (Total Staff) ........................98
4.8.1.2 Conclusion ......................................................................99
4.8.2 Analysis T – Test Benefit and Outcomes Current Method
Construction Project Supervisory ..............................................100
4.8.2.1 Analysis Data, Quality, and Cost Factors of Current
Methods Fot Obtaining Visual Assets .........................100
xvi
4.8.2.2 Conclusion ....................................................................100
4.8.2.3 Analysis Management Aspect of Current Methods for
Obtaining Visual Assets...............................................102
4.8.2.4 Conclusion ....................................................................102
4.8.2.5 Analysis Usage Factors of Current Methods for Obtaining
Visual Assets................................................................104
4.8.2.6 Conclusion ....................................................................104
CHAPTER 5 CONCLUSION AND SUGGESTION......................................106
5.1 Conclusion ...........................................................................................106
5.1.1 Evaluate Current Application of Unmanned Aerial           Systems
(UASs) in the construction project……………… ………........106
5.1.2 Analysis The Factor Influencing Supervsory of The Project Using
Conventional and UASs…………….………………..………..107
5.1.2.1 Analysis T-Test Current Method Construction Project
Supervisory……………………………….…………………...109
5.1.3 Analysis of Cost Supervisory and Monitoring of The Project
Using Conventional and UASs…….………………..………...111
5.1.3.1 Analysis T-Test Costs Supervisory and Monitoring of the
Project Using Conventional and UASs………………..113
5.2 Suggestion ...........................................................................................114
REFRENCES .....................................................................................................115
ATTACHMENT.................................................................................................119
xvii
LIST OF FIGURE
Figure 2.1. Basic representation of a quadcopter .....................................................9
Figure 2.2. Review of the stakeholders icon graphics ...........................................13
Figure 2.3. Construction worker and manager direct interaction...........................15
Figure 2.4. Construction worker and manager indirect interaction
Through drone technology ..................................................................15
Figure 2.5. Observation method.............................................................................17
Figure 2.6. Estimate of costs associated with UASs
use on construction sites......................................................................20
Figure 2.7. Options for on-site flight pattern .........................................................25
Figure 3.1. Research flow chart .............................................................................31
xviii
LIST OF TABLE
Table 4.1. Company Supervisory Type..................................................................42
Table 4.2. Position of Respondent .........................................................................43
Table 4.3. Type of Respondent ..............................................................................43
Table 4.4. Type of Project......................................................................................44
Table 4.5. Latest Education....................................................................................45
Table 4.6. Work Experience...................................................................................46
Table 4.7. Salary UASs Supervisory......................................................................46
Table 4.8. Salary Conventional Supervisory..........................................................46
Table 4.9. Knowledge and Experience of UASs (drone).......................................49
Table 4.10. Implement in Unmanned Aerial Systems (UASs) ..............................50
Table 4.11. Current Brand of UASs (drone) ..........................................................51
Table 4.12. Been Implement UASs (drone)...........................................................51
Table 4.13. Employee requirement of using UASs (drone)
and additional conventional supervisor in 1 project............................52
Table 4.14. Total employee requirement of UASs (drone)
and conventional supervisory..............................................................53
Table 4.15. Employee requirement of conventional supervisor
in 1 project...........................................................................................54
Table 4.16. Total employee requirement of UASs (drone)
and conventional supervisory..............................................................54
Table 4.17. Frequent visit on site of using UASs (drone) supervisory
days and a week...................................................................................55
Table 4.18. Frequent visit on site of using Conventional supervisory
days and a week...................................................................................56
Table 4.19. Time spent for visit using UASs (drone)
and conventional supervisory.............................................................57
Table 4.20. Type of Application UASs (drone) .....................................................58
Table 4.21. Type of Application Conventional......................................................59
Table 4.22. Company response will be use UASs supervisory .............................60
xix
Table 4.23. Usefulness of Visual Assets in Various Areas....................................63
Table 4.24. UASs (drone) Application – Survey Result (Years) ...........................65
Table 4.25. Type of View Inspecting The Visual Data..........................................67
Table 4.26. Allocation for UASs (drone)...............................................................68
Table 4.27. Level of UASs Significance in The Construction Stages ...................72
Table 4.28. Level of UASs Impact due to Implementation Supervision ...............73
Table 4.29. Factors Implementation of UASs (drone) ...........................................74
Table 4.30. Areas of Concern Currently Preculding UASs Usage ........................77
Table 4.31. Usefulness of Conventional Monitoring or Inspection .......................79
Table 4.32. Effectivenes Perception of UASs Monitoring or Inspection ..............80
Table 4.33. Data, Quality and Cost Factors ...........................................................84
Table 4.34. Management Aspect Factors ...............................................................86
Table 4.35. Usage Factors......................................................................................88
Table 4.36. User Perception of Visual Assets Value .............................................99
Table 4.37. Total Employee Requirement Supervisory .........................................95
Table 4.38. Data of UASs and Conventional Worker Wage (Total Staff) ............96
Table 4.39. Analysis Independent T-Test Regarding
Percent to Total Worker Wage............................................................98
Table 4.40. Analysis Independent T-Test Regarding
Data, Quality and Costs of Using UASs and Conventional ..............100
Table 4.41. Analysis Independent T-Test Regarding
Management Aspect of Using UASs and Conventional ...................102
Table 4.42. Analysis Independent T-Test Regarding
Usage of Using UASs and Conventional ..........................................104
xx
LIST OF ATTACHMENT
Attachment 1. Permission for Spreading the Questionnaire ................................119
Attachment 2. Research Questionnaire (English) ................................................120
Attachment 3. Research Questionnaire (Indonesia).............................................136
Attachment 4. Respondent Profile Table .............................................................153
Attachment 5. Project Profile Table.....................................................................155
Attachment 6. Project Profile Table.....................................................................157
Attachment 7. Project Profile Table.....................................................................159
Attachment 8. UASs Worker Wage (1 Staff) Table ............................................161
Attachment 9. Conventional Worker Wage (1 Staff) Table ................................163
Attachment 10. UASs Worker Wage Percentage (1 Staff) Table........................165
Attachment 11. Conventional Worker Wage Percentage (1 Staff) Table ............167
Attachment 12. Total Amount Supervisor Table .................................................169
Attachment 13. UASs & Conventional Worker Wage (All Staff) Table.............171
Attachment 14. UASs & Conventional Worker Wage
Percentage (All Staff) Table.......................................................173
Attachment 15. Summary Respondent’s Answer UASs Table............................175
Attachment 16. Summary Respondent’s Answer Conventional Table................178
Attachment 17. Summary Respondent’s Answer UASs
& Conventional Table ................................................................180
Attachment 18. Input Result Respondent’s Answer UASs
& Conventional ..........................................................................183
Attachment 19. Perspective Assets Picture and Video ........................................186
Attachment 20. Data Provided (Signed Company Mark) ....................................189
Attachment 21. T-Test Table ...............................................................................191
xxi
ABSTRACT
A STUDY OF APPLICATION OF UNMANNED AERIAL SYSTEMS IN
CONSTRUCTION PROJECTS, Gregorius Edwin Yonathan, Student Number
13.13.15057, year of 2018, Construction Management, Civil Engineering
International Program, Faculty of Engineering, Universitas Atma Jaya
Yogyakarta.
Unmanned aerial vehicles, commonly known as drones, are a growing
technology in all sorts of industries. In spite of studies exploring potential
applications of unmanned aerial systems (UASs), the particular perception use
and value of visual assets (photographs or video) collected with UASs for
construction management tasks is not well understood. This paper presents an
exploratory case study to identify applications of visual assets obtained from
UASs and conventional for construction management tasks. The main of this case
study is a better understanding of the use of UASs for construction management
tasks and cost implications.
In this study, construction project applied of unmanned aerial systems
(UASs) supervisory is a half from the total respondent (50%) and the rest is still
with the conventional supervisory in Yogyakarta and Jakarta. Survey result of
UASs application 2016 - 2017 for safety monitoring, aerial photography to track
job progress have an increasing 40% of the application usage and inspection of
difficult areas increasing 20% along with a good report supervisory in their
business.
From the result of data analysis showed most potential applications of
UASs mainly for track job progress monitoring, evaluating safety monitoring and
support (K3), and inspection of difficult areas. In addition, an analysis UASs
(drone) is more cost-effective financing rather than conventional supervisory. The
average percent to total wage project supervisory UASs and conventional is 0,212
%. Then conventional supervisory more expensive with the average percent to
total wage 0,450 %. Differences between both method significant high
competitive expenses, with the average percent to total wage amount 0,24 %.
Appears that group statistics total worker wage conventional supervisory higher
than UASs & conventional supervisory (0,44960 > 0,21160). These result indicate
that UASs and conventional supervisory really does have an effect on total worker
wage supervisory. It was found that high means is spend more total worker wage
from the total amount of staff (expensive), meanwhile result means have low
mean (small). It was found that small mean is spend more less total worker wage
from the total amount of staff (more cost-effective financing).
Key Words: Construction Management, Drones, Supervisory Cost, Unmanned
Aerial Systems (UASs).
